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Objectives   Spinal (ie, back and neck) pain often develops as early as during adolescence and can set a trajectory 
for later life. However, whether early-life spinal-pain-related behavioral responses of missing school/work are 
predictive of future work absenteeism is yet unknown. We assessed the association of adolescent spinal-pain-
related work or school absenteeism with early adulthood work absenteeism in a prospective population-based 
cohort.
Methods   Six year follow-up data from the Western Australian Pregnancy Cohort (Raine) study were used 
(N=476; with a 54% response rate). At age 17, participants reported spinal pain (using the Nordic questionnaire) 
and adolescent spinal-pain-related work/school absenteeism (with a single item question). Annual total and 
health-related work absenteeism was assessed with the Health and Work Performance questionnaire distributed 
in four quarterly text messages during the 23rd year of age. We modelled the association of adolescent spinal-
pain-related absenteeism with work absenteeism during early adulthood, using negative binomial regression 
adjusting for sex, occupation and comorbidities.
Results   Participants with adolescent low-back or neck pain with work/school absenteeism reported higher total 
work absenteeism in early adulthood [148.7, standard deviation (SD) 243.4 hours/year], than those without pain 
[43.7 (SD 95.2) hours/year); incidence rate ratio 3.4 (95% CI 1.2–9.2)]. Comparable findings were found when 
considering low-back and neck separately, and when considering health-related absenteeism.
Conclusions   We found a more than three-fold higher risk of work absenteeism in early adulthood among those 
with adolescent spinal-pain-related absenteeism, compared to those without. These findings suggest that, to keep 
a sustainable workforce, pain prevention and management should focus on pain-related behaviors as early as in 
adolescence.
Key terms   adolescence; back pain; neck pain; Raine Study.
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Spinal pain, such as low-back and neck pain, has a high 
prevalence (1). However, while for some people spinal 
pain is benign, for others it becomes chronic (2) and dis-
abling (3), thereby having an important impact on their 
lives and creating a substantial problem in our society. 
The impact of spinal pain can be reflected in seeking 
health professional advice and treatment (4, 5) and the 
use of medication (6). Moreover, spinal pain can result 
in avoiding normal and physical activities (7), restricted 
education attendance (8) and limited work productivity 
(9), such as work absenteeism (10, 11).
In turn, work absenteeism related to spinal pain can 
have important consequences, as participation in work 
activities is known to be essential for obtaining eco-
nomic resources, well-being, developing identity, social 
roles and status (12). Moreover, evidence has shown that 
being employed is generally good for physical (13) and 
mental health and well-being (14, 15), while return to 
2	 Scand	J	Work	Environ	Health	–	online	first
Adolescent spinal pain and adulthood absenteeism
work often leads to improvements in general health (16).
To ensure that people are able to continue participat-
ing in work and other activities, it is important to target 
negative behavioral responses to spinal pain which are 
known to affect work participation. This approach aligns 
with contemporary models of care for the management 
of musculoskeletal pain disorders among workers (17). 
To facilitate positive behaviors, more knowledge on the 
etiology and development of these behaviors is needed, 
in particular early in their development (18). The preva-
lence of spinal pain commonly increases across ado-
lescence (19) and reaches adulthood levels around the 
age of 18 years (20). We have also found evidence that 
already at 17 years of age, spinal pain can be a substan-
tial burden with low-back pain having a negative impact 
on the lives of 20–30% of people in this age group (6). 
We have also found that there was a substantial group 
(30%) among young people 17–22 years old for which 
the burden of disabling spinal pain was substantial and/
or growing (21). On the other hand, it has been shown 
that physical work demands at a young age can have a 
long lasting effect on low-back pain later in life (22). It 
can thus be concluded that the period from adolescence 
to early adulthood is key as this is the age in which pain, 
and related behavior, develops and sets a trajectory for 
people’s lives. Focusing on this age group is particularly 
important as this is the time when people are first enter-
ing the workforce.
Spinal pain has been shown to have a cross-sectional 
association with school absenteeism in adolescents (6, 
23) and with work absenteeism in young adults (24). 
Spinal pain is furthermore known to negatively impact 
on work absenteeism in cohorts of adult workers (25, 
26), although other studies did not find such associations 
(27, 28). However, whether adolescent spinal-pain-
related absenteeism is predictive of work absenteeism 
in early adulthood is as yet unknown.
We aimed to assess the association of adolescent 
spinal-pain-related work or school absenteeism with 
work absenteeism in early adulthood in a prospective 
population-based cohort study.
Methods
Participants
We utilized data from the Western Australian Pregnancy 
Cohort (Raine) Study (www.rainestudy.org.au), a long-
term study that began as a pregnancy cohort in which 
a total of 2900 women attending antenatal clinics in 
Perth, Australia were enrolled (29). Families of the 2868 
children born to 2826 mothers were invited to partici-
pate in regular follow-up assessments. Ethics approval 
was obtained from the University of Western Australia, 
Princess Margaret Hospital and Curtin University human 
research ethics committees (HR84/2005, HR67/2013; 
RA/4/1/5202; RA/4/1/2646). The study was conducted 
in accordance with the Declaration of Helsinki and 
informed consent was obtained from the primary care-
givers (with assent from participants) at year 17, and at 
year 22 from the participants themselves.
At age 17, participants completed a questionnaire 
assessing spinal pain and spinal-pain-related absentee-
ism, in particular whether they took time off school or 
work due to their spinal pain. At year 22, participants 
completed questionnaires about work status. These 
questionnaires were followed by a one-year assess-
ment protocol with four quarterly questionnaires about 
work absenteeism. In the current study, data from those 
1146 participants who were still in the cohort during 
the 22-year follow-up were included. A comparison 
of the representativeness of the study sample at year 
22 (compared to contemporaneous Western Australian 
Census data) has been provided earlier (29), showing 
that sociodemographic factors such as family structure, 
income level and work status were fairly comparable, 
Raine Study participants were more often working in 
clerical jobs with longer working hours while having a 
lower education level than the average Western Austra-
lian population.
Data collection
Spinal pain and school/work absenteeism at year 17. At year 
17, spinal pain in the low-back and neck was assessed 
using the Nordic Musculoskeletal Pain Questionnaire 
(30), modified to ask about pain in the last month (yes/
no) as previously used in adolescents (6). Spinal-pain-
related absenteeism of work or school (yes/no) in the last 
month was also assessed, by asking participants "Have 
you missed work or study due to the low-back pain?"and 
"Have you missed work or study due to the neck pain?". 
This item is known to be associated with spinal pain 
disability (24), is of importance in adolescence (6), and 
construct validity has been demonstrated (31). For each 
of the spinal pain areas (low-back, neck, and low-back 
and neck combined) responses to these two questions 
were combined to construct a nominal variable with 
three categories: No pain, pain without pain-related 
work/school absenteeism and pain with pain-related 
work/school absenteeism.
Work absenteeism at year 22. In the year following the 
22-year follow-up measurement, work absenteeism 
was measured using the Health and Work Performance 
Questionnaire (HPQ) (32) every three months (quar-
terly) using text messaging and electronically distrib-
uted questionnaires. The HPQ provides estimates of 
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work absenteeism over the previous four weeks, by 
reports of whole and partial days absent from work for 
"problems with your physical or mental health" or for 
"any other reason". A strong association between HPQ 
absenteeism and payroll records has been reported (33). 
The HPQ enables consistent estimates across multiple 
organizations where there may be different standards 
and measures of work absenteeism and is thus useful 
for community samples.
Other variables
Participant’s sex was self-reported by the participant’s 
parent/caregiver at the time of birth. During the 22-year 
follow-up, measurement demographic variables, includ-
ing work status (ie, being employed; yes/no), occupa-
tion, working hours per week and after-tax weekly 
income were assessed via questionnaire. Also, partici-
pants were asked whether they have now or in the past 
ever had any of the following 16 health professionally 
diagnosed medical conditions or health problems: anxi-
ety problems, arthritis or joint problems, asthma, bladder 
control problems, chronic respiratory or breathing prob-
lems (other than asthma), coeliac disease, depression, 
diabetes, eating disorder/weight problems, hay fever 
or some other allergy, hearing impairment or deafness, 
heart condition, hemochromatosis (iron overload dis-
ease), migraine or severe headache, sleep disturbance or 
thyroid gland problems. A count of these conditions was 
derived for each participant, which was collapsed to 0, 1, 
2, 3 or ≥4 for use as a covariate in further analyses (34).
Data processing and analysis
From the four quarterly work absenteeism question-
naires, annual absenteeism (expressed in hours/year) 
was estimated. For the data from each of the four mea-
surement time points, we calculated average hours per 
day that participants were at work by dividing the self-
reported estimated hours worked over the past seven 
days by the number of days at work during that time. 
For each of the four measurement time points, we mul-
tiplied the days lost over the last four weeks by the aver-
age hours per day that participants were at work to get 
hours lost over four weeks (using mean hours per day 
estimated for that quarter). In these calculations, partial 
days were treated as half days. An estimate of absentee-
ism per year was calculated by multiplying hours lost 
over the last four weeks by 12. As such, absenteeism 
annual estimates were based on 48 working weeks/year 
to account for the Australian standard of four weeks/
year of annual leave. Annual estimates of absenteeism 
were calculated for each worker by averaging quarterly 
measured values of work absenteeism, for participants 
with at least three of the four quarterly work absenteeism 
assessments. Here, both health-related work absenteeism 
and total work absenteeism (i.e., health-related absen-
teeism and absenteeism for any other reason combined) 
were assessed and used for statistical analyses.
Due to the count nature of our response variable, 
negative binomial regression was used (35) to assess 
the association of adolescent spinal-pain-related absen-
teeism and work absenteeism during early adulthood. 
Separate models were created for the three spinal pain 
areas (ie, low-back, neck and low-back/neck) and for 
health-related and total work absenteeism. Incidence 
rate ratios (IRR) with 95% confidence interval (95% CI) 
were estimated from simple bivariate models, as well as 
from models in which we also adjusted for sex, occupa-
tion and comorbidities. P-values of <0.05 were consid-
ered statistically significant and all statistical procedures 
were performed using Stata version 13 (StataCorp LP, 
College Station, TX, USA).
Due to the potential for excess of zero absenteeism, 
which is not accounted for in the usual negative binomi-
nal model, the robustness of our effect sizes was esti-
mated using a zero-inflated negative binominal (ZINB) 
model (36, 37), which has been used before on work 
absenteeism data (38). This ZINB regression allows for 
modelling of participants with a very high propensity to 
have zero days of absenteeism (ie, the zero-inflated part 
of the model) and subjects with substantial probability 
of at least one day of absenteeism (the count part of 
the model). In the zero-inflated part, only variables that 
contribute to the model in a statistically significant way 
(with P<0.05) as well as the constant term were main-
tained. Effect sizes were reported in IRR (with 95% CI).
Results
Of the 1146 participants from the Raine Study 22-year 
follow-up, a total of 867 were working and provided 
sufficient information on their work status (figure 1). 
Of those participants, 655 completed questions related 
to spinal pain at year 17, while 604 provided data on 
at least three of the four quarterly assessments of work 
absenteeism. A group of 476 participants had sufficient 
data on adolescent spinal-pain-related absenteeism and 
work absenteeism in early adulthood for analysis in this 
study, with a response rate of 54% among those who 
were employed at year 22. Characteristics of this group 
are provided in table 1. A comparison of the character-
istics of the group of participants eligible for the current 
study with those who were part of the 22 year follow-
up of the Raine Study are shown in Appendix 1 (www.
sjweh.fi/show_abstract.php?abstract_id=3744).
At follow-up, 252 (53%) participants reported no 
total absenteeism, while 224 (47%) reported some level 
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of absenteeism (due to health or other reasons). The mean 
absenteeism (SD) in this latter group was 130.6 [stan-
dard deviation (SD) 153.5] hours/year with a median 
of 75.0 with interquartile range (IQR) 36.0– 169.7. 
Participants with adolescent low-back/neck pain with 
work/school absenteeism reported significantly higher 
mean total work absenteeism in early adulthood [148.7 
(SD 243.4) hours/year], compared to those without pain 
[43.7 (SD 95.2) hours/year]; with an incidence rate ratio 
(IRR) 3.4 [95% confidence interval (CI) 1.3–8.9] (table 
2). Somewhat lower (and non-significant), but still sub-
stantial, effect sizes were found when considering pain 
in the low-back and neck separately (table 2). Findings 
were relatively unaffected by adjustment for sex, occu-
pation and comorbidities, for example, with an IRR 3.4 
(95% CI 1.2–9.2) for low-back/neck pain. Although the 
effect sizes suggested adolescents with low-back/neck 
pain and no school/work absenteeism were at increased 
risk of work absenteeism as young adults [IRR 1.5 (95% 
CI 0.9–2.6)], this was not statistically significant. In a 
Figure 1. Flow chart of the study sample selection procedure.
Table 1. Characteristics of the study sample (N=476).
N (%)
Sex
Females 255 (54)
Males 221 (46)
Occupation
Managers 16 (3)
Professionals 77 (16)
Technicians and trades workers 63 (13)
Community and personal service workers 90 (19)
Clerical and administrative workers 86 (18)
Sales workers 80 (17)
Machinery operators and drivers 16 (3)
Laborers 46 (10)
Comorbidity (count)
0 175 (37)
1 147 (31)
2 73 (15)
3 41 (9)
4 37 (8)
Work hours (per week)
≤19 138 (29)
>19–38 175 (37)
>38–45 92 (19)
>45 71 (15)
Years in the current job
<1 70 (15)
1–3 148 (31)
>3 258 (54)
sensitivity analysis, testing for the robustness of our 
effect sizes using a ZINB model (Appendix 2, www.
sjweh.fi/show_abstract.php?abstract_id=3744), we 
showed fairly comparable effect sizes to those obtained 
from the negative binominal model.
Of the included participants, 270 reported having 
no health-related absenteeism and 206 (43%) did report 
some level of absenteeism. The mean health-related 
absenteeism in this latter group was 92.1 (SD 129.2) 
hours/year with a median of 49.4 (IQR 28.5–97.1). 
Participants with adolescent low-back/neck pain with 
work/school absenteeism reported significantly higher 
mean health-related work absenteeism in early adult-
hood [94.1 (SD 201.5) hours/year], compared to those 
without pain [29.3 (SD 75.0) hours/year]; with an IRR 
3.2 (95% CI 1.2–8.8) (table 3). Somewhat lower (and 
non-significant), but still substantial, effect sizes were 
found when considering pain in the low-back and neck 
separately (table 3). Findings were relatively unaffected 
by adjustment for sex, occupation and comorbidities, for 
example, with an IRR 3.1(95% CI 1.1–8.9) for spinal 
low-back/neck pain. As for total absenteeism, although 
the effect sizes suggested adolescents with spinal pain 
and no school/work absenteeism were at increased risk 
of work absenteeism as young adults [IRR 1.4 (95% CI 
0.8–2.5)], this was also not statistically significant. In 
a sensitivity analysis, testing for the robustness of our 
effect sizes using a ZINB model (Appendix 3, www.
sjweh.fi/show_abstract.php?abstract_id=3744), we 
showed fairly comparable effect sizes to those obtained 
from the negative binominal model.
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Discussion
In this prospective population-based cohort study we 
aimed to assess the association of adolescence spinal-
pain related school or work absenteeism with early 
adulthood work absenteeism. Results of our study show 
a more than three-fold higher risk of work absenteeism 
in early adulthood among those with adolescents with 
spinal pain who reported missing work/school compared 
to those without spinal pain. These findings extend 
earlier research showing a cross-sectional association 
of spinal pain and work absenteeism in adults (25, 26) 
as well as our previous work with this cohort showing 
that spinal pain early in life can become disabling and 
have a negative impact on people’s lives (6, 21). Our 
findings of comparable effect sizes in total and health-
related absenteeism, as well as for low-back, neck and 
low-back/neck pain combined suggest absenteeism is 
mainly driven by health-related issues and that similar 
mechanisms are existent for various spinal areas. Alter-
natively, it may suggest that participants prefer to attri-
bute absenteeism to a health problem.
The findings suggest that adolescent spinal pain 
related school or work absenteeism might be an impor-
tant factor that sets a trajectory for work absenteeism 
later in life. It may therefore be beneficial to target 
Table 3. The association of adolescent spinal-pain-related absenteeism and early adulthood health-related work absenteeism (hours per year). 
Statistically significant findings (P<0.05) are printed in bold. [SD=standard deviation; IRR=incidence rate ratio; CI=confidence interval]
N Health-related work 
absenteeism
Unadjusted Adjusted a
Mean (SD) IRR (95% CI) a P-value IRR (95% CI) P-value
Back pain
No pain 314 31.9 (72.5) Reference Reference
Pain without pain-related 
absenteeism
135 50.5 (123.9) 1.6 (0.9–2.9) 0.138 1.4 (0.7–2.6) 0.342
Pain with pain-related absenteeism 22 91.7 (168.1) 2.9 (0.8–10.6) 0.112 2.9 (0.8–11.3) 0.118
Neck pain
No pain 319 34.2 (88.8) Reference Reference
Pain without pain-related 
absenteeism
130 45.9 (79.7) 1.3 (0.7–2.5) 0.353 1.2 (0.6–2.4) 0.501
Pain with pain-related absenteeism 24 81.7 (210.8) 2.4 (0.7–8.4) 0.175 2.0 (0.5–7.6) 0.317
Low-back/neck pain
No pain 243 29.3 (75.0) Reference Reference
Pain without pain-related 
absenteeism
192 41.8 (83.1) 1.4 (0.8–2.5) 0.222 1.3 (0.7–2.3) 0.450
Pain with pain-related absenteeism 40 94.1 (201.5) 3.2 (1.2–8.8) 0.023 3.1 (1.1–8.9) 0.038
a Adjusted for sex, occupation and comorbidities.
Table 2. The association of adolescent spinal-pain-related absenteeism and early adulthood total work absenteeism (hours per year). Statistically 
significant findings (P<0.05) are printed in bold. [SD=standard deviation; IRR=incidence rate ratio; CI=confidence interval]
N Total work 
absenteeism
Unadjusted Adjusted a
Mean (SD) IRR (95% CI) P-value IRR (95% CI) P-value
Back pain
No pain 314 52.6 (104.0) Reference Reference
Pain without pain-related 
absenteeism
135 72.3 (146.2) 1.4 (0.8–2.5) 0.287 1.3 (0.7–2.5) 0.394
Pain with pain-related absenteeism 22 130.1 (203.5) 2.5 (0.7–8.6) 0.157 2.4 (0.7–8.9) 0.173
Neck pain
No pain 319 50.2 (109.7) Reference Reference
Pain without pain-related 
absenteeism
130 73.2 (112.2) 1.5 (0.8–2.6) 0.212 1.5 (0.8–2.8) 0.195
Pain with pain-related absenteeism 24 150.7 (261.6) 3.0 (0.9–10.0) 0.074 2.8 (0.8–9.6) 0.110
Low-back/neck pain
No pain 243 43.7 (95.2) Reference Reference
Pain without pain-related 
absenteeism
192 66.2 (111.8) 1.5 (0.9–2.6) 0.136 1.5 (0.8–2.6) 0.190
Pain with pain-related absenteeism 40 148.7 (243.4) 3.4 (1.3–8.9) 0.013 3.4 (1.2–9.2) 0.017
a Adjusted for sex, occupation and comorbidities.
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behavioral responses to pain early in life to keep people 
participating in activities, particularly in work activi-
ties. This would align with a well-established model 
of chronic low-back pain behavior: the fear avoidance 
model. This model suggests that pain-related beliefs 
are an important driver of low-back pain-related avoid-
ance behavior (39), with mechanisms of avoidance 
and catastrophic worry suppression underlying this 
behavior (40). Negative pain beliefs have been shown 
to be associated with spinal pain disability behavior in 
adults (41, 42) as well as adolescents (43). Whilst the 
current study suggests pain-related behaviors are evident 
in late adolescence, it remains unclear how early these 
behaviors, and the beliefs which may underpin these 
behaviors (43), emerge.
Early targeting of spinal pain beliefs and behavioral 
responses to pain may be effective as these beliefs and 
behaviors have previously been shown to be modifiable. 
For example, providing positive messages about back 
pain has been shown to improve back pain beliefs, which 
even reduced disability and workers’ compensation costs 
(44). Moreover, people who have positive beliefs about 
their spinal pain and its future consequences are reported 
to have a reduced risk of disabilities (45). A behavioral 
approach may be more fruitful than targeting individual 
causative factors which are known to be complex, tem-
porally variable and show limited effect with treatment 
on their own (46, 47).
Key considerations for early intervention may 
require determination of personal characteristics of 
those being targeted by the intervention, including their 
motivation, readiness, opportunity and ability to change 
(48). It has to be acknowledged that only a relatively 
small proportion (<10%) of our sample reported ado-
lescent spinal pain–related absenteeism. Despite this 
low proportion, these participants account for a large 
percentage of the total absenteeism (24). Potentially, 
targeting these individuals may be more effective and 
cost-efficient than targeting the entire population. A bet-
ter understanding of this group is therefore needed and 
should be a focus of future research. Additionally, given 
associations between adolescent back pain and primary 
carer (ie, his/her parent) back pain (49), management 
may need to be implemented at a family level, in con-
junction with a school-based approach.
Strengths and limitations
The strengths of this study included the use of data 
from a prospective population-based cohort study with 
multiple estimates for work absenteeism over a year. The 
population-based sample provided a better representa-
tion of the general population than clinical or occupation 
based samples and it had a good spread across occupa-
tions, both sexes and socio-economic status.
Our data showed an excess of zeros with 53% of 
the study participants reporting no absenteeism days. 
Despite this, our study findings were relatively robust 
when the effect sizes obtained from negative binominal 
(table 2 and 3) were compared with those from ZINB 
modelling (Appendix 2 and 3).
As a single recall has been shown to not be suf-
ficiently robust to estimate work absenteeism (50), our 
approach of a series of four measurements spread over 
the course of one year may provide more accurate esti-
mations. The HPQ questionnaire was used which has 
been shown to be reasonably valid (33). However, our 
procedure of using four measurements with a 4-week 
recall (16 weeks in total) to estimate absenteeism over a 
year may be prone to recall bias, attenuating the associa-
tion of spinal pain and work absenteeism.
There was a substantial drop-out of participants in 
this study. This has resulted in a relatively low num-
ber of participants in our analysis, which may be an 
important reason as to why we failed to find statistical 
significance for some of the associations. Although, our 
statistically significant findings are in the smallest group 
in each of the comparisons, and therefore the most prone 
to sampling error (potentially type 1 errors), we found 
significant findings in other associations and large and 
clinically important effect sizes even for the non-sig-
nificant associations. Another issue with the substantial 
drop-out is a possible impact on the generalizability of 
our findings. Participants in the Raine Study who were 
not in the workforce at year 22 were excluded, while it 
remains unknown for what reasons (for example, spinal 
pain, still doing tertiary studies or other) these people 
did not have a job. Moreover, it was shown that, com-
pared to the total group of participants in the 22-year 
follow-up of the Raine Study, participants eligible for 
the current analysis showed no difference in spinal pain, 
had slightly less work absenteeism and comorbidities 
and worked fewer hours per week (Appendix 1).
Concluding remarks
In this current study, we reported a more than three-
fold higher risk of work absenteeism in early adulthood 
among those with adolescent spinal-pain-related absen-
teeism, compared to those without. Our findings suggest 
that, in order to maintain a sustainable workforce, pain 
prevention and management should focus on pain-
related behaviors as early as in adolescence.
Acknowledgements
The authors would like to acknowledge the Raine Study 
participants and their families for their ongoing partici-
	 Scand	J	Work	Environ	Health	–	online	first	 7
Coenen et al
pation in the study and the Raine Study staff for their 
dedicated commitment to coordination and data collec-
tion. The Raine Study was supported by the National 
Health and Medical Research Council, with additional 
funding for core management provided by the Univer-
sity of Western Australia, Raine Medical Research Foun-
dation, Telethon Kids Institute, University of Western 
Australia Faculty of Medicine, Dentistry, and Health 
Sciences, Women and Infants Research Foundation, 
Curtin University, and Edith Cowan University. The 
22-year follow-up was supported by the National Health 
and Medical Research Council (1021858, 1027449, and 
1044840). Straker was supported by a National Health 
and Medical Research Council Senior Research Fel-
lowship. There were no conflicts of interest reported by 
the authors.
References
1. Hoy D, Bain C, Williams G, March L, Brooks P, Blyth F 
et al. A systematic review of the global prevalence of low 
back pain. Arthritis Rheum 2012 Jun;64(6):2028–37. http://
dx.doi.org/10.1002/art.34347.
2. Kovacs FM, Abraira V, Zamora J, Fernández C; Spanish 
Back Pain Research Network. The transition from acute 
to subacute and chronic low back pain: a study based on 
determinants of quality of life and prediction of chronic 
disability. Spine 2005 Aug;30(15):1786–92. http://dx.doi.
org/10.1097/01.brs.0000172159.47152.dc.
3. Murray CJ, Vos T, Lozano R, Naghavi M, Flaxman AD, 
Michaud C et al. Disability-adjusted life years (DALYs) 
for 291 diseases and injuries in 21 regions, 1990-2010: a 
systematic analysis for the Global Burden of Disease Study 
2010. Lancet 2012 Dec;380(9859):2197–223. http://dx.doi.
org/10.1016/S0140-6736(12)61689-4.
4. Ferreira ML, Machado G, Latimer J, Maher C, Ferreira 
PH, Smeets RJ. Factors defining care-seeking in low back 
pain--a meta-analysis of population based surveys. Eur J 
Pain 2010 Aug;14(7):747.e1–7. http://dx.doi.org/10.1016/j.
ejpain.2009.11.005.
5. Deyo RA, Mirza SK, Turner JA, Martin BI. Overtreating 
chronic back pain: time to back off? J Am Board Fam 
Med 2009 Jan-Feb;22(1):62–8. http://dx.doi.org/10.3122/
jabfm.2009.01.080102.
6. O’Sullivan PB, Beales DJ, Smith AJ, Straker LM. Low back 
pain in 17 year olds has substantial impact and represents 
an important public health disorder: a cross-sectional 
study. BMC Public Health 2012 Feb;12:100. http://dx.doi.
org/10.1186/1471-2458-12-100.
7. Buer N, Linton SJ. Fear-avoidance beliefs and 
catastrophizing: occurrence and risk factor in back pain and 
ADL in the general population. Pain 2002 Oct;99(3):485–91. 
http://dx.doi.org/10.1016/S0304-3959(02)00265-8.
8. Roth-Isigkeit A, Thyen U, Stöven H, Schwarzenberger 
J, Schmucker P. Pain among children and adolescents: 
restrictions in daily living and triggering factors. Pediatrics 
2005 Feb;115(2):e152–62. http://dx.doi.org/10.1542/
peds.2004-0682.
9. Iles RA, Davidson M, Taylor NF. Psychosocial predictors 
of failure to return to work in non-chronic non-specific 
low back pain: a systematic review. Occup Environ 
Med 2008 Aug;65(8):507–17. http://dx.doi.org/10.1136/
oem.2007.036046.
10. Matsudaira K, Konishi H, Miyoshi K, Isomura T, Takeshita 
K, Hara N et al. Potential risk factors for new onset of 
back pain disability in Japanese workers: findings from the 
Japan epidemiological research of occupation-related back 
pain study. Spine 2012 Jul;37(15):1324–33. http://dx.doi.
org/10.1097/BRS.0b013e3182498382.
11. Wynne-Jones G, Cowen J, Jordan JL, Uthman O, Main CJ, 
Glozier N et al. Absence from work and return to work 
in people with back pain: a systematic review and meta-
analysis. Occup Environ Med 2014 Jun;71(6):448–56. 
http://dx.doi.org/10.1136/oemed-2013-101571.
12. Waddell G, Burton AK. Is work good for your health and 
well-being? TSO (The Stationery Office), Editor. 2006: 
Norwich, England.
13. Norström F, Virtanen P, Hammarström A, Gustafsson PE, 
Janlert U. How does unemployment affect self-assessed 
health? A systematic review focusing on subgroup effects. 
BMC Public Health 2014 Dec;14:1310. http://dx.doi.
org/10.1186/1471-2458-14-1310.
14. Fryers T, Melzer D, Jenkins R. Social inequalities and 
the common mental disorders: a systematic review of 
the evidence. Soc Psychiatry Psychiatr Epidemiol 2003 
May;38(5):229–37. http://dx.doi.org/10.1007/s00127-003-
0627-2.
15. van der Noordt M, IJzelenberg H, Droomers M, 
Proper KI. Health effects of employment: a systematic 
review of prospective studies. Occup Environ Med 
2014 Oct;71(10):730–6. http://dx.doi.org/10.1136/
oemed-2013-101891.
16. Rueda S, Chambers L, Wilson M, Mustard C, Rourke SB, 
Bayoumi A et al. Association of returning to work with 
better health in working-aged adults: a systematic review. 
Am J Public Health 2012 Mar;102(3):541–56. http://dx.doi.
org/10.2105/AJPH.2011.300401.
17. Beales D, Fried K, Nicholas M, Blyth F, Finniss D, Moseley 
GL. Management of musculoskeletal pain in a compensable 
environment: implementation of helpful and unhelpful 
Models of Care in supporting recovery and return to work. 
Best Pract Res Clin Rheumatol 2016 Jun;30(3):445–67. 
http://dx.doi.org/10.1016/j.berh.2016.08.011.
18. Dunn KM, Hestbaek L, Cassidy JD. Low back pain 
across the life course. Best Pract Res Clin Rheumatol 
2013 Oct;27(5):591–600. http://dx.doi.org/10.1016/j.
berh.2013.09.007.
19. Hestbaek L, Iachine IA, Leboeuf-Yde C, Kyvik KO, 
8	 Scand	J	Work	Environ	Health	–	online	first
Adolescent spinal pain and adulthood absenteeism
Manniche C. Heredity of low back pain in a young population: 
a classical twin study. Twin Res 2004 Feb;7(1):16–26. 
http://dx.doi.org/10.1375/13690520460741408.
20. Jeffries LJ, Milanese SF, Grimmer-Somers KA. Epidemiology 
of adolescent spinal pain: a systematic overview of the 
research literature. Spine 2007 Nov;32(23):2630–7. http://
dx.doi.org/10.1097/BRS.0b013e318158d70b.
21. Coenen P, Smith A, Paananen M, O’Sullivan P, Beales D, 
Straker L. Trajectories of low back pain from adolescence 
to young adulthood. Arthritis Care Res (Hoboken) 2017 
Mar;69(3):403–12. http://dx.doi.org/10.1002/acr.22949.
22. Lallukka T, Viikari-Juntura E, Viikari J, Kähönen M, 
Lehtimäki T, Raitakari OT et al. Early work-related 
physical exposures and low back pain in midlife: the 
Cardiovascular Risk in Young Finns Study. Occup Environ 
Med 2017 Mar;74(3):163–8. http://dx.doi.org/10.1136/
oemed-2016-103727.
23. Bejia I, Abid N, Ben Salem K, Letaief M, Younes M, 
Touzi M et al. Low back pain in a cohort of 622 Tunisian 
schoolchildren and adolescents: an epidemiological 
study. Eur Spine J 2005 May;14(4):331–6. http://dx.doi.
org/10.1007/s00586-004-0785-2.
24. Beales D, Kyaw-Myint S, Smith A, OʼSullivan P, 
Pransky G, Linton S et al. Work productivity loss in 
young workers is substantial and is associated with spinal 
pain and mental ill-health conditions. J Occup Environ 
Med 2017 Mar;59(3):237–45. http://dx.doi.org/10.1097/
JOM.0000000000000990.
25. Bergström G, Bodin L, Bertilsson H, Jensen IB. Risk 
factors for new episodes of sick leave due to neck or back 
pain in a working population. A prospective study with 
an 18-month and a three-year follow-up. Occup Environ 
Med 2007 Apr;64(4):279–87. http://dx.doi.org/10.1136/
oem.2006.026583.
26. Geuskens GA, Hazes JM, Barendregt PJ, Burdorf A. 
Predictors of sick leave and reduced productivity at work 
among persons with early inflammatory joint conditions. 
Scand J Work Environ Health 2008 Dec;34(6):420–9. http://
dx.doi.org/10.5271/sjweh.1298.
27. Collins JJ, Baase CM, Sharda CE, Ozminkowski RJ, 
Nicholson S, Billotti GM et al. The assessment of chronic 
health conditions on work performance, absence, and 
total economic impact for employers. J Occup Environ 
Med 2005 Jun;47(6):547–57. http://dx.doi.org/10.1097/01.
jom.0000166864.58664.29.
28. Holden L, Scuffham PA, Hilton MF, Ware RS, Vecchio 
N, Whiteford HA. Which health conditions impact on 
productivity in working Australians? J Occup Environ 
Med 2011 Mar;53(3):253–7. http://dx.doi.org/10.1097/
JOM.0b013e31820d1007.
29. Straker L, Mountain J, Jacques A, White S, Smith A, Landau 
L et al. Cohort Profile: The Western Australian Pregnancy 
Cohort (Raine) Study-Generation 2. Int J Epidemiol 2017 
Oct;46(5):1384–1385j.  
30. Kuorinka I, Jonsson B, Kilbom A, Vinterberg H, Biering-
Sørensen F, Andersson G et al. Standardised Nordic 
questionnaires for the analysis of musculoskeletal 
symptoms. Appl Ergon 1987 Sep;18(3):233–7. http://dx.doi.
org/10.1016/0003-6870(87)90010-X.
31. Coenen P, Smith AJ, O’Sullivan PB, Beales DJ, Straker LM. 
Measuring the impact of low back pain in two population-
based cohort studies of young and middle-aged adults, Curtin 
University, Editor. 2017: Perth, Australia.
32. Kessler RC, Barber C, Beck A, Berglund P, Cleary PD, 
McKenas D et al. The World Health Organization Health 
and Work Performance Questionnaire (HPQ). J Occup 
Environ Med 2003 Feb;45(2):156–74. http://dx.doi.
org/10.1097/01.jom.0000052967.43131.51.
33. Kessler RC, Ames M, Hymel PA, Loeppke R, McKenas DK, 
Richling DE et al. Using the World Health Organization 
Health and Work Performance Questionnaire (HPQ) to 
evaluate the indirect workplace costs of illness. J Occup 
Environ Med 2004 Jun;46(6 Suppl):S23–37.   http://dx.doi.
org/10.1097/01.jom.0000126683.75201.c5
34. Hagen EM, Svensen E, Eriksen HR, Ihlebaek CM, 
Ursin H. Comorbid subjective health complaints in low 
back pain. Spine 2006 Jun;31(13):1491–5. http://dx.doi.
org/10.1097/01.brs.0000219947.71168.08.
35. Hilbe J. Negative Binomial Regression, ed. Cambridge 
University Press. 2011, New York, USA.
36. Cheung YB. Zero-inflated models for regression analysis 
of count data: a study of growth and development. Stat 
Med 2002 May;21(10):1461–9. http://dx.doi.org/10.1002/
sim.1088.
37. Moon S, Shin J. Health care utilization among Medicare-
Medicaid dual eligibles: a count data analysis. BMC Public 
Health 2006 Apr;6:88. http://dx.doi.org/10.1186/1471-2458-
6-88.
38. Taimela S, Läärä E, Malmivaara A, Tiekso J, Sintonen H, 
Justén S et al. Self-reported health problems and sickness 
absence in different age groups predominantly engaged in 
physical work. Occup Environ Med 2007 Nov;64(11):739–
46. http://dx.doi.org/10.1136/oem.2006.027789.
39. Leeuw M, Goossens ME, Linton SJ, Crombez G, Boersma K, 
Vlaeyen JW. The fear-avoidance model of musculoskeletal 
pain: current state of scientific evidence. J Behav Med 2007 
Feb;30(1):77–94. http://dx.doi.org/10.1007/s10865-006-
9085-0.
40. Linton SJ. A transdiagnostic approach to pain and emotion. 
J Appl Biobehav Res 2013 Jun;18(2):82–103. http://dx.doi.
org/10.1111/jabr.12007.
41. Urquhart DM, Bell RJ, Cicuttini FM, Cui J, Forbes A, Davis 
SR. Negative beliefs about low back pain are associated with 
high pain intensity and high level disability in community-
based women. BMC Musculoskelet Disord 2008 Nov;9:148. 
http://dx.doi.org/10.1186/1471-2474-9-148.
42. Beales D, Smith A, O’Sullivan P, Hunter M, Straker L. 
Back pain beliefs are related to the impact of low back pain 
in baby boomers in the Busselton Healthy Aging Study. 
Phys Ther 2015 Feb;95(2):180–9. http://dx.doi.org/10.2522/
ptj.20140064.
	 Scand	J	Work	Environ	Health	–	online	first	 9
Coenen et al
43. Smith AJ, O’Sullivan PB, Beales D, Straker L. Back pain 
beliefs are related to the impact of low back pain in 17-year-
olds. Phys Ther 2012 Oct;92(10):1258–67. http://dx.doi.
org/10.2522/ptj.20110396.
44. Buchbinder R, Jolley D, Wyatt M. Population based 
intervention to change back pain beliefs and disability: three 
part evaluation. BMJ 2001 Jun;322(7301):1516–20. http://
dx.doi.org/10.1136/bmj.322.7301.1516.
45. Main CJ, Foster N, Buchbinder R. How important are 
back pain beliefs and expectations for satisfactory 
recovery from back pain? Best Pract Res Clin Rheumatol 
2010 Apr;24(2):205–17. http://dx.doi.org/10.1016/j.
berh.2009.12.012.
46. O’Sullivan P, Smith A, Beales D, Straker L. Understanding 
adolescent low back pain from a multidimensional 
perspective: implications for management. J Orthop 
Sports Phys Ther 2017 Oct;47(10):741–51. http://dx.doi.
org/10.2519/jospt.2017.7376.
47. Smith A, Beales D, O’Sullivan P, Bear N, Straker L. Low 
back pain with impact at 17 years of age is predicted by early 
adolescent risk factors from multiple domains: Analysis of 
the Western Australian Pregnancy Cohort (Raine) study. J 
Orthop Sports Phys Ther 2017 Oct;47(10):752–62. http://
dx.doi.org/10.2519/jospt.2017.7464.
48. Gross DP, Deshpande S, Werner EL, Reneman MF, Miciak 
MA, Buchbinder R. Fostering change in back pain beliefs 
and behaviors: when public education is not enough. Spine 
J 2012 Nov;12(11):979–88. http://dx.doi.org/10.1016/j.
spinee.2012.09.001.
49. O’Sullivan PB, Straker LM, Smith A, Perry M, Kendall G. 
Carer experience of back pain is associated with adolescent 
back pain experience even when controlling for other carer 
and family factors. Clin J Pain 2008 Mar-Apr;24(3):226–31. 
http://dx.doi.org/10.1097/AJP.0b013e3181602131.
50. Johns G. Attendance dynamics at work: the antecedents and 
correlates of presenteeism, absenteeism, and productivity 
loss. J Occup Health Psychol 2011 Oct;16(4):483–500. 
http://dx.doi.org/10.1037/a0025153.
Received for publication: 26 February 2018
.
